Experiments were conducted to compare the efficacy oj six commonly available charcoals in adsorbing halothane in a paediatric T -piece system. Tests were also done to compare the effect oj mass oj charcoal and canister shape and size on adsorption and airways resistance. It was jound that charcoals vary in their adsorptive capacity and that the size and shape oj cannisters
The accumulating evidence in humans supported by results of animal experiments suggests that the prolonged inhalation of low doses of inhalation agents which have polluted the operating theatre may have adverse effects on theatre personnel and their offspring (Cohen et al. 1974) .
Many ways have now been developed which greatly reduce the amount of waste anaesthetic gas released into the operating theatre atmosphere (McInnes and Goldwater 1972) . The paediatric T-piece system is one of the more difficult systems to scavenge and the possibility that charcoal in a canister might overcome some of the problems led to our study.
Activated charcoal has been used since the First World War as a means of adsorbing toxic gases from the inspired atmosphere. Its gas adsorption properties have found many applications in industry. McIntyre and Russell (1967) showed that activated charcoal could be used to recover halothane and methoxyflurane from waste anaesthetic gases. Vaughan, Mapleson and Mushin (1973) have recently successfully used activated charcoal in simulated adult clinical conditions to adsorb halogenated anaesthetic agents. Activated carbon is produced by the actions of chemicals and/or steam on carbon containing substances such as charcoal or coal. This activating process enlarges and develops the natural pore structure of these substances and greatly enlarges the surtace area which enables the charcoal to adsorb large amounts of toxic substances.
It is well known from industrial applications that adsorption of vapours onto a bed of charcoal is influenced by such factors as gas velocity through the charcoal, bed depth, granule size, evenness of packing, vapour concentration and humidity, but also by the nature of the charcoal. Activated charcoals which are used for gaseous adsorption cannot normally be used for adsorption of solutes from solution. Oppenheim and Stewart (1975) when measuring the adsorption of tricyclic antidepressants from simulated gut fluids by activated charcoal, showed that the adsorbing capability of different commercially available charcoals varied greatly even though all these charcoals had been specified for adsorption from wet systems. It was this variability of adsorption in wet systems that stimulated the present work to determine (i) whether activated charcoal is a useful means of adsorbing halothane from the expiratory limb of an Ayres T-piece ; (ii) the relative adsorption performance for halothane of some commercially available activated charcoals: and (iii) the most suitable shape of canister for activated charcoal use in paediatric T-piece circuit.
METHOD
Twin male mongrel puppies of 10 kg weight were anaesthetized using a standardized anaesthetic technique-intravenous thiopentone (20 mg/kg), intubation and spontaneous respiration via an Ayres T-piece. The puppies breathed a 1·5% halothane in oxygen mixture supplied from a Fluotec MK II Vaporizer (Cyprane) calibrated against a Drager " Vapor " vaporizer at a fresh gas flow of 220 ml/kg. After a 15 minute period a canister containing 50 g of the activated charcoal under test was placed in a constant upright position in the expiratory limb of the T-piece. Figure 1 schematically shows the experimental circuit. Gas was sampled from the fresh gas line and distal to the charcoal canister using a 100 [LI Hamilton gas syringe. The halothane concentrations of these samples were estimated using a Carle model 6000 portable gas chromatograph. This chromatograph has a stainless steel column 5 feet by 1" containing Carbowax 1340, 8%
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with a granule size of 80/100 mesh. The carrier gas was hydrogen at 60°C. The chromatograph peaks were narrow and symmetrical and the peak height was taken as a measure of the halothane concentration rather than the more difficult determination by the peak area. A number of peak areas were measured to check that this assumption was valid. The times to first appearance of halothane distal to the activated charcoal canister (penetration time) and the times taken for the halothane concentration distal to the canister to equal 50% and 70% of the fresh gas concentration were recorded. Six commercially available activated charcoals of medium to high activity were tested. Five of these were designed for gas adsorption applications and one (Hydrodarco) for application in wet systems (Table 1) .
Canisters of three different dimensions were used to study each activated charcoal. The dimensions of each are shown in Figure 2 .
In each case penetration time and resistance to airflow were recorded. Airflow resistances were computed after flow and pressure drop ducer was connected across the charcoal containing canister for pressure drop measurements.
To observe any variation in penetration time and air-flow resistance difference masses of the same charcoal were tested under similar conditions. 
RESULTS
The time to first appearance and the time to 50% and 70% of halothane not adsorbed are recorded on Table 2 and illustrated in Figure 3 .
The charcoals tested fall into two groups with respect to penetration time and time to 70% not adsorbed. Once penetration had occurred, the halothane distal concentration would be expected to rise rapidly but Figure 3 shows that this is not so, inferring that the low energy adsorbing sites slowly come into equilibrium with the passing gas. After a period of time the individual sampling began to show a more uniform concentration (plateaux of curves). This concentration would be expected to equal the fresh gas concentration assuming all portions of the charcoal bed are saturated uniformly. Figure 3 is plotted as a percentage of halothane not adsorbed. The resistances to airflow measured (Table 2 ) indicate that the better adsorbing charcoals produced consistently lower resistance to airflow. Table 3 shows the results given by two typical charcoals in each of the three types of canisters used. Merk Aktivkohle Gerkornt was used as an example of a charcoal with good adsorption characteristics, whereas Actacarb G8-30 is typical of a less efficient adsorbent. Penetration times differ considerably. The long narrow bore (Type Ill) canister produced prolonged penetration time, but this is achieved at the expense of a high airflow resistance (Table 4 ). * * High flow velocity produced mass movement of charcoal. Therefore these results were discarded.
DISCUSSION
The results show that the ability of different granular activated charcoals to adsorb halothane varies greatly due to factors inherent in the charcoal and the design of the canister. When a standard canister and quantity of charcoal are used, longer penetration times indicate that the particular brand of activated charcoal is more efficient and a more useful adsorbent of halothane. When different canisters are used the penetration time is increased by increasing the length in relation to the diameter of the canister. This is probably due to the effect of reduced gas channelling which occurs in short, squat charcoal beds. More efficient baffling may overcome this problem. Larger canisters avoid the large airflow resistance associated with the long thin canisters.
As the mass of charcoal used shows a linear relationship to penetration time, a canister may be designed to be effective for a specific period of time at a given gas flow and halothane concentration (Table 5) . However, a limit would be imposed by the highest acceptable value of airway resistance. Smaller canisters placed in parallel allow a longer adsorption time with less resistance. However, limb resistances need to be matched perfectly, or one limb of the parallel circuit carries larger flows and becomes saturated earlier. The bulk of this set up makes it impractical for clinical use. Capon (1974) indicated a method for reactivation of charcoal used for halothane adsorption using a vacuum cycle autoclave. We have performed preliminary experiments in reactivation and have obtained encouraging results. This also greatly increases the economy of the system. Activated charcoal adsorbs very little nitrous oxide (Hawkins 1973) and this is a disadvantage of the activated charcoal system when nitrous oxide is used as the carrier gas. There are circumstances where halothane in oxygen or air are preferred such as pneumoencephalography and middle ear surgery in children and it is in these circumstances that the full benefits of the use of activated charcoal will be derived.
CONCLUSIONS
This study has shown that :-(i) Activated charcoal in canisters is a useful method of adsorbing halothane from the expired gases in a paediatric circuit. (ii) Some commercially available activated charcoals are more effective than others. (iii) Canister shape is of importance in charcoal performance and airflow resistance and the optimum shape and size is a compromise between these factors.
